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Language processing is grounded in brain function. Words of different semantic

categories are processed in different cortical areas. Several examples of this dis-

tributed processing are given: colour words are processed in visual areas, whereas

action words are processed in motor areas. The processing of action words in

described in more details. A pathological condition, Parkinson’s disease, is used as

an illustration of a motor impairment that selectively affects the comprehension of

action words. This comprehension impairment is attributed to a difficulty in

accessing the procedural knowledge carried by this specific class of words.

This paper reactivates a classical debate about language processing by the brain.
Language is thought to be understood through a series of steps that ultimately
allow access to the meaning of heard or read words and sentences. Accordingly, a
word would be first recognized by its morphology (its phonology and its
orthography): this is what makes a listener able to repeat a word that he/she hears
from a locutor, even without understanding its meaning. The same word would
then be recognized as an item in our lexicon, a specialized memory store: it is
when the word matches a memory trace in the lexicon that it can be recognized
and distinguished from unknown phonological items (e.g. a non-word or a word
from a foreign language). A traditional view holds that language processing is
limited to a set of language-specific neural structures. Accordingly, these suc-
cessive operations for language decoding would be shared by the classical
anterior and posterior speech areas within the left hemisphere: these are the Broca
and the Wernicke areas, respectively, according to the terminology used by the
neurologists. Indeed, this view is supported by clinical observations in patients
with language disorders: for example, aphasia of the ‘sensory’ type, whenever a
patient fails to understand spoken words and sentences, is generally a consequence
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of lesion in the medial part of the left temporal lobe (the Wernicke area), whereas
aphasia of the ‘motor’ type, characterized by a failure of generating spoken words, is
a consequence of lesion of the left inferior part of the frontal lobe (the Broca area).

Alternatively, a different view holds that language processing has to be widely
distributed across the cerebral cortex. The effects of lesions that massively affect
the language-specific areas can contribute only a little to our understanding of
language processing. Instead, the idea of a network, including areas outside the
language-specific regions, comes closer to the main function of language, which is
to manipulate and to express knowledge. The early proponents of this ‘associative’
view, at the end of the nineteenth century (the so-called ‘diagram-makers’) were
also neurologists studying language disorders.1 They had made the remark that
words can be deciphered by the auditory as well as the visual modality, and can be
expressed in speaking as well as in writing. Thus, they thought that there should
be association pathways between the many brain localizations involved in this
multimodal processing (see Figure 1). The associative view, however, remained
confined within a purely linguistic system, even though this system now included a
broader network. In this paper, it will be proposed that language processing
extends far beyond the system classically devoted to the function of language.
Specifically, it will be proposed that the meaning of words is grounded in neural
processes that are also responsible for perception and action.

The structure of semantic memory

Arguments as to the latter view arise from several sources. One of these arguments is
that the memory for words (the lexicon) is not an undifferentiated store where the
words accumulate; instead, it has an internal organization. Words appear to be
classified in the lexicon according to the semantic category to which they refer. To
illustrate this point, imagine that the words depicting concrete objects are distributed
in different categories according to the object types: objects referring to a putative
semantic category of ‘manufactured objects’ and to a sub-category of ‘furniture’
would be stored next to each other, whereas words referring to a putative semantic
category of ‘biological objects’ and to a sub-category of ‘fruits’ would be stored in
another part of the memory. Although this description is purely metaphorical (we
ignore how and where in the brain this organization is effected), it is supported by
experimental data. Psycholinguists using the now classical ‘priming’ paradigm found
that the brief and unnoticed presentation of a word of a given semantic category
facilitates the subsequent recognition of a target word from the same category.2 In
these experiments, real words and ‘non-words’ (e.g. consonant strings) are presented
to the subjects; recognition is measured as the time to make a lexical decision about a
word (‘is this a real word or not?’). For example, the brief presentation of the word
table will facilitate the lexical decision (decision time will be shorter) about a
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word referring to another piece of furniture (e.g. chair), compared with the
decision for a word referring to an object from a different category (e.g. apple).
This striking fact that words are stored in memory according to their semantic
categories suggests a distributed organization of the access to meaning, beyond
language specific mechanisms. Once again, an indication in this direction is
given by a priming experiment. Indeed, facilitation of the lexical decision for a
word can be obtained, not only by the brief auditory presentation of a word
within the same semantic category, but also by the visual presentation of a picture
representing an object within that category: the picture of a table will facilitate
the lexical decision for words from the semantic field of furniture.

The distinction between different semantic categories is also a neurological
reality. Clinical observation has shown that brain-damaged patients may selectively

Figure 1. A classical diagram after Jean-Martin Charcot. In one of his Tuesday
lectures at the Hopital de la Salpétrière (Paris), Charcot presented this diagram
for explaining how the sound or the sight of a bell, as well as the auditory or
visual perception of the corresponding word (cloche) was processed in different
sensory systems. Once recognized, the bell or the word cloche was transferred
into motor outputs for speaking or writing.
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fail to understand words, or to find the name of objects, from a given category.
Warrington and Shallice, in 1984 reported the cases of four patients with medial
temporal lesions who showed this striking dissociation: the patients were able to
correctly name pictures representing inanimate objects, such as houses, whereas
they failed to name pictures representing living things, such as animals or food.
The same patients were found to have very similar difficulties in the auditory
modality: they could not comprehend spoken words referring to the names of
living things. Warrington and Shallice suggested that such category-specific
naming and understanding impairments might correspond to the alteration of
independent modality-specific semantic systems within specialized areas for
semantic processing.3 However, the most definite arguments as to the distributed
representation of semantic processing are provided by experiments using neuro-
imaging techniques in healthy subjects. These experiments have mainly explored
the semantic processing of words referring to the domains of perception and
action. This will be illustrated in the next section.

Sensory motor systems and language processing

Thus, the processing of words is intimately linked to the processing of the reality
that they represent. Indeed, we use words to express what we experience or
feel, because the words we use, in addition to their explicit definition, convey a
representation of these experiences or feelings. In other terms, there is still another
layer of processing, beyond the morphological and lexical recognition of words,
which gives access to their ‘covert’ meaning. Take for example hearing or reading
the word red. Not only does this word define a particular colour (‘some roses are
red’), it also refers to the sensation that we have when we see something red. The
former sense is shared by other people and can be used for communicating with
them; the later corresponds to our private experience of seeing red. This example
stresses the fact that the meaning of a word cannot be limited to its dictionary
definition. The dictionary definition of the word red only captures our conceptual
knowledge about that word, but it does not capture other aspects of its meaning,
those which are relevant to perceiving and behaving in a coloured world.

The covert meaning of a word such as red is reflected in the way it is processed
by the brain. Recent experiments have shown that presenting words indexing
different sensory modalities (a colour word indexes the visual modality, a word
referring to touch indexes the tactile modality, etc) activates the brain areas
corresponding to the sensory system indexed by each word: colour names were
associated with increased activity in a ventral area at the junction of occipital and
temporal cortex, an area shown previously to be involved in colour knowledge,
whereas tactile qualities were associated with activation within the somatosensory
cortex.4 Experiments like this one reveal the existence of functional networks where

392 Marc Jeannerod

https://doi.org/10.1017/S1062798708000434 Published online by Cambridge University Press

https://doi.org/10.1017/S1062798708000434


the information relevant to the semantic attributes of each single word is processed.
Further experiments will be needed to determine the precise role of these networks
in the comprehension of words. For example, would a patient with a brain lesion
affecting his perception of colours (the condition called ‘colour blindness’ following
a bilateral ventral occipito-temporal lesion) show a specific deficit in making lexical
decisions for colour words?

The covert meaning of action words

We will develop this idea with another category of words, those that refer to
actions. Experiments very similar to those with the sensory modalities have
shown that hearing an action word is associated with the activation, not only of
the language-specific areas in the temporal lobe, but also of areas in the motor
system. Action words, and specially action verbs, are frequently associated with
a body part: the verb grasp refers to a hand action, whereas the verb kick refers to
the foot and the verb bite refers to the mouth. Accordingly, neuro-imaging
experiments have shown that the region of motor cortex activated while hearing
an action word corresponds to the cortical representation of the movements
involved in the action indexed by the word: hearing the verb grasp activates the
hand motor area, whereas hearing the verb kick activates the foot area.5 These
changes in cortical activity take place very early (ca 150ms) after hearing the
word, which precludes the possible role of conscious factors, such as forming a
mental image of the action, for example.

Action words describe actions, but this description extends beyond the
conceptual knowledge of the action to which they refer. In addition to their
consciously accessible definition stored in the appropriate part of the semantic
memory, action words are also endowed with an implicit knowledge about how
to perform the action they describe or, in other terms, about the procedure
involved. This procedural knowledge is distinct from conceptual knowledge, in
the sense that it can little, if at all, be verbalized, and therefore cannot be con-
sciously accessed by the subject. The storage and retrieval of learned movements
and skills pertains to a procedural memory, distinct from semantic memory where
conceptual knowledge is stored. Clinical studies have abundantly demonstrated
the dissociable character of procedural memory with respect to other forms of
memory. Patients with amnesia following cortical atrophy or lesions of the
hippocampus typically show impairment in their declarative memory (semantic
as well as episodic), contrasting with a strikingly spared procedural memory.6

Procedures stored in procedural memory are automatically accessed whenever
an action is to be executed. Consider, for example, a situation where a subject is
instructed simply to make a judgment about whether a given action (e.g. grasping
a big object with a single hand) is feasible or not, without attempting to execute it.
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This type of experiment has revealed (by measuring the time to give the responses)
that the subject, before giving his response, unconsciously simulates the action by
rehearsing the appropriate motor procedures. Response time varies as a function
of the difficulty of the motor task, which suggests that kinematic rules and bio-
mechanical constraints are encoded as parts of these procedures.7 Indeed, and not
surprisingly, this process of simulation is associated with physiological changes in
the motor cortex: motor cortical regions become activated in correspondence with
the simulated action.8 What is not surprising either is that these effects are seen, not
only during simulation of one’s own actions, but also during observation of actions
performed by other agents. The now familiar concept of ‘mirror neurons’, developed
by the Rizzolatti group since the 1990s,9,10 supports the idea that actions are
represented in certain brain structures (the premotor cortex and the posterior parietal
cortex) irrespective of who executes them: by simulating the action of the other agent
within one’s own brain, one becomes able to understand what this agent is doing.

Thus, there is close similarity between the neural mechanisms associated with
observing an action and those associated with hearing action words. Action verbs
like hit, grasp, run or tap, all refer to the performance of a different action.
Provided these actions are familiar to the listener, the corresponding verbs refer
to the way the actions can be performed. Understanding action words is therefore
a subclass of understanding actions. In man, the procedures stored in procedural
memory might have become associated with the corresponding action words
through learning. As a result of this association, hearing the word rehearses the
procedure and activates the motor cortex. An interesting case is that of the
category of words defining tools. Tools have a special status, in the sense that
they are objects that refer to a potential action. Several experiments have shown
that hearing tool names, as well as merely observing tools, are both associated
with activation of the motor system.2,11

Action and language comprehension

One of the main features of language processing is reciprocity: production and
comprehension of words must be parts of the same process in order for the
locutors who speak to each other to be mutually understandable. This argument
of reciprocity of language production and comprehension is indeed very similar
to that for the reciprocity of executing and understanding actions, as illustrated
by the existence of the mirror neurons. The fact that these neurons are activated
both during execution and observation of the same action suggests that they use
the same code for signalling the action of the agent and that of the observer. What
an observer perceives from the other, he can do, and vice versa. Similarly for the
case for language: what a listener hears from a speaker, he can understand, and
vice versa. A classical experiment demonstrates that hearing speech sounds

394 Marc Jeannerod

https://doi.org/10.1017/S1062798708000434 Published online by Cambridge University Press

https://doi.org/10.1017/S1062798708000434


produces in the listener an activation of motor cortex controlling the muscles
of the vocal tract. For example, listening to words involving tongue muscles
automatically activates the motor commands to these muscles.13 This result is
confirmed by a simple self-observation: if you pronounce the phoneme /ba/ while
observing the mouth of another speaker doing the same thing, you feel the task to
be much easier than if the speaker you observe pronounces a different phoneme
(e.g. /da/).14 Indeed, these effects supporting the existence of a production/
comprehension matching system for language can also be explained using the
concept of mirror neurons. Monkey mirror neurons are located in an area of
ventral premotor cortex which, in man, roughly corresponds to one of the
major language areas, the Broca’s area in the inferior part of the frontal lobe.
Interestingly, the human Broca area has also been found to be involved in many
aspects of action representation at large: making decisions about the feasibility of
an action,15 observing actions,16 naming and observing tools,11,17 or generating
action words.18

Our present attempt, however, goes beyond language specific mechanisms. It
is part of a broader scheme where language processing in general is distributed
through sensory and motor areas. More specifically the processing of action
words is distributed across the motor system. Thus, at this point, the key question
is the contribution of these motor mechanisms to the comprehension of action
words. One way to answer this question is to study word comprehension in
patients with a motor disease. The argument goes as follows: if the activation of
the motor system contributes to the comprehension of action words, then patients
where this activation is pathologically weakened should have difficulties in a task
testing word comprehension, and these difficulties should be limited to action
words.

In a recent study, Véronique Boulenger and her colleagues19 have addressed
this question in patients with Parkinson’s disease. Parkinson’s disease affects the
motor cortex indirectly. It is the consequence of degeneration of a group of
neurons located in the diencephalon (in the substantia nigra). These neurons,
through a complex circuitry involving the basal ganglia, control the activity of
motor cortex whenever a voluntary movement is to be executed. In their absence,
motor cortex remains deactivated, which is paralleled by a difficulty to move
(akinesia), the most typical symptom of the disease. In addition, the activity of
these deficient substantia nigra neurons can be partially restored by administering
to the patient a precursor of dopamine, their normal neurotransmitter. Just prior to
administration of the dopamine precursor, when the motor cortex activity is
weakened (in the OFF period), the patient presents a severe akinesia, whereas
shortly afterwards (in the ON period), a more normal motor activity is restored.
Boulenger et al. took advantage of this condition in a group of Parkinson patients
in comparison with a group of healthy subjects. They used the priming paradigm
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for measuring lexical decisions for different types of visually presented words:
concrete nouns (e.g. mill), action verbs (e.g. draw), or non-words (strings of
consonants). One word was briefly presented as a prime, followed by the target
word. The patient’s task was to decide (by pressing a key) whether the target
word was a real word or a non-word. There was a striking difference in response
times of the same patients in the OFF or in the ON periods, respectively. In the
ON period, patients with Parkinson’s disease responded like healthy subjects for
both action words and concrete nouns, i.e. their lexical decision was facilitated
when both action words and concrete nouns were preceded by a prime of the
same category. On the contrary, during the OFF period, priming was observed
only for the concrete nouns, not for the action words. In other terms, the status of
the motor system of the patients determined their ability to recognize words
referring to actions.

This is not to say that patients with Parkinson’s disease in the OFF period have
lost the ability to understand the meaning of words like draw or pick. Their
conceptual knowledge about these words is presumably intact, and they should
be able to retrieve the correct dictionary definitions from their semantic memory.
What they are missing is the covert meaning of action words, i.e. the meaning
that would give them access to the procedure of the corresponding action and,
ultimately, would allow them to perform that action efficiently. Indeed, patients
with Parkinson’s disease experience great difficulties in using their procedural
knowledge: they are poor in motor learning, particularly for learning motor
sequences; they have difficulties rehearsing motor procedures when they have to
simulate an action.20

Perspectives

The data we have described about words indexing sensory modalities and action
words can be tentatively generalized to other semantic categories. The hypothesis
that part of language comprehension is grounded in sensory and motor mechanisms
postulates that language pertains to a system for manipulating knowledge. In that
perspective, words can be considered as tools for retrieving, using and commu-
nicating our own knowledge about aspects of the external world: our conceptual
knowledge about concrete objects or abstract concepts, our procedural knowledge
about physical forces and interactions during reaching goals. There are other types
of knowledge as well, such as affective knowledge about emotions, feelings, states
of mind in general, as experienced by ourselves and by others. Would it be possible
to extend the notion of language grounding in brain structures to these semantic
categories? If this should reveal itself possible, neuroscience could link up with
other disciplines, such as dynamic psychology. This would be an opportunity for a
fully interdisciplinary approach to language functions.
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